In Taiwan 24-h coffee shops have become popular gathering areas for young people. This study assesses customers' exposures to PM 2.5 and gaseous/ particulate polycyclic aromatic hydrocarbons (PAHs) in such an environment. Potential influential factors were also evaluated. Two coffee shops with different types of smoking/nonsmoking divisions were selected. Sampling was conducted from 1300 to 2100 hours on Saturdays and Sundays during December 2000 and January 2001. Personal environmental monitors mounted with Teflon filters and polyurethane foams were used for particulate and gaseous sampling. PAHs were analyzed with GC-FID. Principal component analysis was used to explore the differences in the patterns of gaseous and particulate PAHs. Stepwise regression analysis was used to evaluate the contribution of various factors. The geometric mean (GM) of PM 2.5 , particulate and gaseous PAH exposures were 83.7, 0.46 and 1.01 mg/m 3 , respectively. Their exposure concentrations were about two to five times those of residential indoor environments in Taiwan. Smoking and vehicle exhaust were two major exposure sources. The gaseous PAH concentrations in the two sections of both shops were significantly correlated. The divisions between smoking and nonsmoking sections in neither of the coffee shops were effective to prevent dispersion of gaseous pollutants. In both shops, the concentrations of PM 2.5 and associated PAHs, respectively, were about 22-28 mg/m 3 and 0.07 mg/m 3 higher in smoking areas compared to nonsmoking areas. It was also found that each additional cigarette resulted in a 0.22-0.42 mg/m 3 PM 2.5 incremental increase in nonsmoking customers' exposure in the smoking section.
Introduction
Since 1982, cancer has been the main cause of deaths in Taiwan and lung cancer has been among the leading causes for the past few years (DOH, 2000) . People spend more than 80% of their time indoors (UNSCEAR, 1993) . Human activities such as smoking, cooking and incense-burning are important indoor combustion sources (Offerman et al., 1991; Gundel et al., 1995; Lung et al., 2003) . These combustion sources generate respirable particles and associated toxic compounds such as polycyclic aromatic hydrocarbons (PAHs). Certain PAHs are classified as probable human carcinogens. There is a large amount of literature indicating their association with lung cancers (USEPA, 1987) .
However, very few studies in Taiwan are focused on indoor air quality in public places with these combustion sources.
Even in developed countries, very few studies are focused on personal exposure in the food and beverage industry, where not only workers but also consumers are exposed to indoor pollutants. Certain environments of the food and beverage industry such as restaurants are important social places; cooking and smoking are usually two major sources of indoor pollutants at such environments. Environmental tobacco smoke (ETS) is a well-known indoor pollution source containing a variety of toxic compounds. It has been prohibited by law to smoke in certain public places such as libraries, hospitals, and also on public transportation. However, restaurants have not been included. Most restaurants in Taiwan still allow customers to smoke.
In recent years, 24-h coffee shops have become popular gathering areas for young people in Taiwan. Magazines, soft drinks, coffee, sandwiches, and simple lunch/dinner combinations are supplied in these 24-h coffee shops. They usually sell prepackaged cooked food and only reheating is required. Therefore, employees and customers are unlikely to be exposed to cooking fumes. However, most coffee shops designate a certain area for smoking customers. There is usually no separate ventilation system and sometimes there is not even a physical division between smoking and nonsmoking areas. Nonsmoking customers may be involuntarily exposed to pollutants generated by smoking. In addition, nonsmoking customers may have to sit in smoking sections when restaurants are busy. Therefore, this study tries to assess nonsmoking customers' exposure to PM 2.5 and gaseous/particulate PAHs in such environments and to evaluate possible contributing factors. Smokers would inhale particulate matter (PM) with each cigarette smoked; their exposures were not assessed in this work.
Methods and materials

Sampling Strategy
Two coffee shops of two popular franchises in Taichung, Taiwan were selected. They supply simple food such as sandwiches and prepackaged Chinese dishes. The seating areas are divided into smoking and nonsmoking sections in different ways as shown in Figure 1 ; however, in both cases, the same ventilation system was used for both sections. The nonsmoking area is surrounded by the smoking area in shop D and office partitions are used for separation. In coffee shop R, the two sections are side by side and there is no physical division between them. The two shops are located about 300 m apart: therefore, outdoor interference such as weather conditions, traffic, and pollution sources would not affect the comparison results between the two coffee shops.
Personal environmental monitors with a size cut of 2.5 mm (PEM, SKC 761-203, SKC Inc., Eighty Four, PA, USA) and polyurethane foam (PUF, 22 mm Â 75 mm) inside a glass tube were used to obtain particulate and gaseous samples. 37 mm Teflon filters (SKC 225-1709) were mounted inside PEMs. PEMs and PUFs were connected to SKC personal pumps (224-PCXR8) with flow rate calibrated at approximately 4 l/min by an SKC 712 flow calibrator. The flow rate was measured 10 times before and after sampling. The variation in flow rates was within 5%.
Sampling was conducted from December, 2000 to January, 2001 for four consecutive weekends on both shops simultaneously. Sampling time was from 1300 to 2100 hours on Saturdays and Sundays, when many customers were present in the two shops. On each sampling day, two research staff members conducted sampling in each shop with four sets of samplers. The detailed sampling scheme is listed in Table 1 . One staff member with two sets of samplers (one team) sat in the smoking area while another team sat in the nonsmoking area. The two samplers in each area were placed on the dining table 30 cm apart and also within 30 cm from the research staff member. One sampler consisted of one PEM and one PUF while the other only had one PEM. Two filter samples from two PEMs in the same area were taken in order to obtain enough particulate mass for PM 2.5 and particulate PAH analysis. Only one PUF sample was taken for each section in each shop during one sampling period.
Total numbers of customers, cigarettes, and people smoking were recorded during sampling periods. A Telaire 7001 CO 2 monitor (Engelhard, Goleta, CA, USA) connected to a data logger (HOBO H8 4-Channel External Logger, Onset Computer Corporation, Bourne, MA, USA) was used to measure CO 2 levels with the Dual Beam Absorption Infraredt method. CO 2 concentrations in the indoor and outdoor environments of the two shops were monitored in order to estimate the indoor air exchange rate. The CO 2 monitor was placed on the same dining table as the samplers and it was situated as close to the center of each smoking/nonsmoking section as possible. In the smoking section in shop D, the CO 2 monitor was placed close to the aisle to avoid interference from direct breathing.
Extraction and Analysis
Filters were equilibrated in a 20711C and 4575% RH environment for 48 h before weighing with a Mettler AT261 balance (Mettler-Toledo AG, Grelfensee, Switzerland). Electrostatic charges were neutralized by VWR StaticMasters (VWR Scientific Products, So. Plainfield, NJ, USA) during weighing. Each filter was weighed twice; the acceptable variation was 10 mg. Two duplicate filter samples were weighed separately and then weighed as a whole.
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(volume ratio 1:4) mixture. Extracts were concentrated down to about 1 ml under a gentle stream of nitrogen, cleaned up by methylene-chloride-soaked silicon gel (70-230 mesh, for column chromatography, Macherey-Nagel GmbH & Co., Duren, Germany), and eluted by 25 ml of hexane and 25 ml of hexane:methylene chloride (volume ratio 3:2) mixtures. Elutes were concentrated again to about 200 ml to be analyzed. Two duplicate filters were analyzed as one composite sample.
PUF samples were preserved in amber glass vials and extracted by a Soxhlet apparatus with 300 ml hexane:methylene chloride (volume ratio 1:1) mixtures for 24 h. The extracts were concentrated in a Kuderna-Danish (K-D) apparatus to about 5-10 ml and then taken through the same clean-up and analysis processes as filter samples.
Samples were analyzed for 16 PAHs, which are listed as priority pollutants by USEPA (1982) . They are naphthalene (Nap), acenaphthylene (AcPy), acenaphthene (Acp), fluorene (Flu), phenanthrene (Phen), anthracene (Anthr),
Analytical standards of 16 PAH mixtures (PM-611), six deuterated-PAH mixtures (US-108N) and Benz[a]anthracene-d 12 (IST-120, used as internal standard) were obtained from Ultra Scientific (North Kingston, RI, USA.) The purity of all standards was 99% or higher. All solvents were of UltraResi-Analyzed quality. They were purchased from Millinckrodt Baker Inc. (Paris, KY, USA).
PAH analysis was performed on a Perkin Elmer M611-9000 Gas Chromatograph (Perkin Elmer Corporation, Norwalk, CT, USA), equipped with a 60 m Â 0.32 mm ID Â 0.25 mm Perkin Elmer PE-5MS capillary column (N931-6297). The temperatures of the injection port and the flame ionization detector were 3001C and 3251C, respectively. Individual PAH was quantified via the internal standard method.
Chamber Study
In order to assess the ventilation condition in both shops, CO 2 concentrations were monitored during sampling periods. Ventilation rates can be estimated by the following steadystate equation: /min-person (Plog et al., 1996) and G c was estimated based on the following chamber study.
The CO 2 generation rate of one cigarette was assessed inside a 1.9 m Â 2.07 m Â 2.9 m closed chamber. The background CO 2 concentration was measured beforehand; it was around 550 ppm. A CO 2 monitor recorded CO 2 concentration change over time when one smoker stayed in the room for 20 min without smoking and left. The CO 2 generation rate of this person can be obtained by regressing the differential CO 2 concentrations, above that of background CO 2 , on time. After CO 2 concentrations had dropped to background levels, the same person went into the room again and smoked inside for 20 min. The CO 2 generation rates again can be obtained by regressing the differential CO 2 concentrations on time. Since CO 2 concentrations were increased as a result of respiration and smoking, after deducting the CO 2 generation rate from this person, the generation rate of CO 2 per cigarette was obtained. It was about 8.6 Â 10 À5 m 3 /min-cigarette.
QA/QC
Four field blanks were used to assess contamination. 21. Break-through was assessed by sampling with two sequentially connected PUFs. The second PUF contained less than 10% of the first PUF. Thus, there was no breakthrough during our sampling. Besides, the weight difference between weighing separately and weighing as a whole was less than 3%. Therefore, weighing together would not have affected the actual reading. Two duplicate filters were combined as one composite sample and only one concentration was reported.
Data Analysis
The Statistical Analysis System (SAS version 6.12, SAS Institute Inc., Cary, NC, USA) was used for statistical analysis. The Wilcoxon signed rank test was used to compare pollutant concentrations in different coffee shops and different sections. Only measurements taken on the same days were compared to the corresponding ones in order to avoid the influence of ambient PM on different days. The Spearman rank correlation method was used to evaluate the correlation between variables. Stepwise regression analysis was used to assess the contribution of various factors. Principal component analysis (PCA) has been used in environmental studies for the extraction of information from a multivariate data set (Ozeki et al., 1995; Shine et al., 1995; Liu et al., 1996) . It was used in this work to determine if there were meaningful differences in the patterns of gaseous and particulate PAH profiles. PAH species were grouped according to the number of rings before performing PCA. The data were standardized beforehand to have zero mean and unit variance so that certain PAH species with high concentrations would not affect PCA results. PCA with oblique rotation was used in this study. A detailed description of PCA can be found in Kleinbaum et al. (1987) .
Results and discussion
Concentration Distribution in the Two Coffee Shops
Ambient conditions during the sampling period are listed in Table 2 . PM 10 rather than PM 2.5 was monitored in the EPA monitoring station; thus, PM 10 levels were presented to show a general background PM concentrations. CO 2 measurements taken inside and outside those two shops are plotted in Figure 2 . The Wilcoxon rank sum test was used to compare CO 2 levels outside the two coffee shops. The results showed that they were not statistically different (p40.05). Thus, our assumption about the homogeneity of outdoor environments of these two shops was not violated. PM 2.5 and gaseous/particulate PAH concentrations in the two studied coffee shops are listed in Table 3 . The geometric means (GM) of PM 2.5 exposure in shops D and R were 97.5 (geometric standard deviation, GSD ¼ 1.23) and 71.8 (GSD ¼ 1.58) mg/m 3 , respectively. Shiau (1997) assessed indoor PM 2.5 levels in 10 households in Taiwan during winter; the potential pollution sources were incense-burning in three houses, smoking in one house and cooking in another, while the other five homes did not have obvious pollution sources. The mean PM 2.5 concentration of these ten households was 43.7727.8 mg/m 3 , about half the indoor concentrations of the two coffee shops. The geometric mean of the total gaseous and particulate PAH concentrations in the two shops were 1.01 (GSD ¼ 1.21) and 0.46 (GSD ¼ 1.18) mg/m 3 , respectively; approximately five times the concentration of residential indoor environments in Taiwan (Li and Ro, 2000 ; GM of total gaseous and particulate PAHs 0.267 mg/m 3 ). The Wilcoxon signed rank test was used to compare concentrations in shop D to those in shop R on the same day. It was found that PM 2.5 concentrations were statistically significantly higher in shop D than in shop R (po0.05), but the difference was not significant for gaseous and particulate PAHs. However, when the concentrations between sections in the same shop were compared with the Wilcoxon signed rank test, the results showed that in shop D, PM 2.5 and particulate PAHs had significantly higher concentrations in smoking sections (po0.05 in both tests), but gaseous PAHs were not very different between smoking and nonsmoking sections. On average, PM 2.5 and particulate PAHs were 22.1 and 0.07 mg/m 3 higher in the smoking area in shop D. In shop R, PM 2.5 , gaseous and particulate PAHs were all statistically significantly higher in smoking areas (po0.05); on average they were 27.7, 0.14 and 0.07 mg/m 3 higher, respectively. This implies that the division in shop D was not effective in avoiding gaseous pollutant dispersion from smoking to nonsmoking sections.
The spearman rank correlation was used to evaluate the correlations of pollutant concentrations between smoking and nonsmoking sections of the same shop. It was found that PM 2.5 levels between two sections correlated significantly in shop R (r ¼ 0.95, po0.05). Such a high correlation coefficient indicates that the layout of shop R was actually useless to avoid involuntary exposure to ETS in the nonsmoking section, although customers in nonsmoking section did experience less PM 2.5 exposure due to the fact that they were distant from smokers. In addition, the gaseous PAH concentrations between two sections in shops D and R were both significantly correlated; the Spearman rank correlation coefficients were 0.98 and 0.76, respectively, (po0.05). This suggests that gaseous PAH concentrations in smoking and nonsmoking sections were intercorrelated, and that the divisions in neither the D or R coffee shops were effective. Especially in the D coffee shop, where the nonsmoking area is surrounded by the smoking area, the division was clearly useless to prevent gaseous pollutants from the smoking section dispersing to the nonsmoking section.
Distribution of Different PAHs
The distribution of individual PAHs in gaseous and particulate phases is plotted in Figure 3 . The major species in gaseous PAHs are Nap, Acp and B[a]P with concentrations around 0.12-0.14 mg/m 3 in both shops. The main components in the particulate phase are Nap, AcPy, Chry and B[a]P, with concentrations around 0.06-0.07 mg/m 3 in both shops. The distribution patterns of gaseous PAHs were similar between smoking and nonsmoking sections of the same shop as well as between the two different shops; the same goes for the particulate PAH patterns. These results suggest that gaseous/particulate PAHs in the two sections of both shops were probably from the same sources.
The results of the PCA revealed that only the first two components displayed eigenvalues larger than 1 for both gaseous and particulate PAHs. Therefore, only the first two components were important so they were retained for rotation. Components 1 and 2 accounted for 34% and 29% of the total variance in the gaseous phase, respectively; and those in the particulate phase accounted for 39% and 25% of the total variance, respectively. PAH groups and corresponding factor loadings are presented in Table 4 . Factor loadings larger than 0.4 are flagged in the table. It was found that, for gaseous PAHs, 2-and 6-ring species were loaded on the first component and 3-5-ring PAHs were loaded on the second component. For particulate PAHs, Customers' exposure to PM 2.5 and PAHs in coffee shops in Taiwan Lung et al. 3 and 4 rings were loaded on the first and 2-, 5-and 6-ring PAHs were loaded on the second component. It was also found that, for both shops, the PAH profile of the nonsmoking section showed similar loading patterns on the two components as those of the smoking section in the same shop, for both gaseous and particulate PAHs. It suggests that PAHs in nonsmoking sections were from the same major pollution sources as in smoking areas. Environmental tobacco smoking (ETS) is mainly composed of 2-4 rings in gaseous PAHs and 3-5 rings in particulate PAHs (Crimmer et al., 1987; Offerman et al., 1991; Gundel et al., 1995) . Traffic-related sources emit mostly 4-7 rings PAHs; 6-ring PAHs are the main components of particulate phase PAHs from traffic sources, followed by 4-ring compounds (Marr et al., 1999; Lim et al., 1999) . Both smoking and auto-exhaust emit a certain percentage of 2-ring PAHs such as Nap. Since 6-ring PAHs are mainly from traffic-related sources, the first component of gaseous PAHs and the second component of particulate PAHs might be the result of traffic-related sources. The other component has 3 and 4 rings and might be the result of smoking. In summary, our PCA results suggest that in the two studied coffee shops, traffic-related sources (the first component) seemed to play a more important role than smoking for gaseous PAHs, while for particulate PAHs, smoking was more important than traffic.
Contribution of Relevant Factors
The indoor air exchange rates during sampling in the two shops were estimated based on Eq. (1) ( Table 5 ). The number of cigarettes and number of customer-hours were different between the two coffee shops (Table 5 ). Stepwise regression analysis was used to evaluate the contribution of various factors, assuming that day-to-day variation of ambient PM levels was not a confounder. The best-fit models for PM 2.5 and particulate and gaseous PAHs are listed in Table 6 (a). No significant residual or collinearity was found in these models, and no interaction terms were important in any of them. Although these models can only explain 8-28% of the total variance, they are listed as an indication of the contribution of relevant factors.
The results show that each additional cigarette results in a 0.42 mg/m 3 PM 2.5 and a 0.86 ng/m 3 particulate PAH incremental increase in nonsmoking customers' exposure. This result is comparable to Chuang et al. (1991) ; they estimated that each additional cigarette smoked at home would contribute about 1.7 ng/m 3 PAHs, including Ant, Fl, Pyr, B[a]a, Chy, B[a]P, Ind and BghiP. For gaseous PAHs, one person-hour would contribute an incremental increase of about 1.2 ng/m 3 . Since more customers meant a higher frequency in the opening of the exit door, it is possible that outdoor gaseous pollutants from traffic-related sources could have entered via this route.
On the other hand, if the influence of day-to-day variation of ambient PM cannot be ruled out, another set of stepwise regression analysis was performed assuming indoor background pollutant concentrations (without indoor sources) changed exactly according to the ambient PM levels. The ratio of ambient PM 10 for other days to that of Day 1 was used to adjust the pollutant concentrations obtained in the two shops. For example, if the ambient PM 10 level was twice that of Day 1, the obtained PM 2.5 , particulate and gaseous PAHs of that day were divided by 2 as the adjusted concentrations in order to account for the day-to-day ambient PM influence. In other words, all the pollutant concentrations were adjusted to have the same basis as that of Day 1. The regression results of the adjusted data are presented in Table 6 (b). Under this extreme condition, no factors of particulate and gaseous PAHs were found to be statistically significant in the regression models. As for PM 2.5 , the results show that each additional cigarette resulted in a 0.22 mg/m 3 PM 2.5 incremental increase in nonsmoking customers' exposure. Since the actual situation laid between two extreme conditions assumed for the above-mentioned two sets of regressions, the contribution of each additional cigarette was between 0.22 and 0.42 mg/m 3 PM 2.5 in customers' exposure. It should be noted that this incremental exposure contribution concerns nonsmoking customers in the smoking section only. For those who sit in the nonsmoking sections, the quantification of exposure contribution from smoking were unable to be obtained in the current work, although their PM and PAH exposures were shown to be affected by smoking according to the results of correlation analysis, PAH patterns and PCA analysis.
In summary, nonsmoking customers' exposure to PM 2.5 and gaseous and particulate PAHs in 24-h coffee shops was shown to be two to five times those of residential indoor environments in Taiwan. Smoking and auto-exhaust were two significant sources of exposure. For PM 2.5 and particulate PAHs, smoking seemed to play a major role. The divisions between smoking and nonsmoking sections in neither of the D and R coffee shops were effective to prevent pollutants from dispersing between sections. Separate ventilation systems or at least floor-to-ceiling physical divisions should be used to reduce involuntary exposure of customers. Although the results obtained based on two purposefully chosen coffee shops cannot necessarily be generalized to other coffee shops, this work pointed out the important influential factors of customers' exposures. The food and beverage industry has become an essential part of our economy and, therefore, more studies should be undertaken to assess customers' exposure in such environments.
